The present work was carried out to study some features of the family Papilonoideae. These features include seed protein profiles and morphology. These were used to reassess some taxonomic relationships between some closely related taxa of the Papilionoideae; identifying the similarities and dissimilarities between them based on the SDS-PAGE of seed protein characters; determination of the interrelationships and affinities between them based on current systems of classification by using numerical methods. Seed protein profiles produced by gel electrophoresis and the molecular mass in kilo-Dalton of their polypeptide subunits and the morphological features were recorded in 36 species belonging to 11 genera of the Papilionoideae (family: Fabaceae). Phenetic relationships of these species were established based on UPGMA-clustering applied to the produced 97 seed protein characters in combination with 173 morphological characters by using different modules of the NTSYS-pc 2.2 program package. The produced data were compared by measuring each of the tree distortion; from its relevant data matrix; and association to each other based on their cophenetic (ultrametric) correlation coefficients. The present data were useful in revealing new distinguishing characters, identifying the similarities/ differences and confirming the taxonomic interrelationships between the studied taxa based on current systems of classification.
Introduction
Papilionoideae (syn. Faboideae) is the largest, most diverse and widely distributed subfamily of Fabaceae sensu lato [1] . It comprises ca. 478 genera and 13,860 species and includes most of the familiar domesticated food plants, forage crops, genomic/genetic species and nitrogen fixation plants [2, 3] . It is well represented in semi-arid to arid habitats of the world, with center of diversity in the temperate and tropical regions of South America. However, it is noticeably poorly represent or completely absent in the cool temperate habitats as in alpine regions and the understory of cool temperate forests [2] . Seeds of the subfamily contain about 50% protein from which the storage fraction represents nearly 50% of the total amount found in the seeds [4] . Storage protein is not sensitive to environmental fluctuations, being the third-hand copy of DNA and reflects the genetic make-up of the plant [5] . Seed protein banding patterns; produced by the polyacrylamide gel electrophoresis (PAGE) technique; constitute powerful attributes for plant taxonomy at various ranks specially when combined with morphology [6] . This fact prompted a considerable number of studies, many of which explained the inter/ intraspecific variations in individual genera e.g. Sesbania and Lathyrus [7, 8] , Onobrychis [9] , Trifolium [10] , Vicia [11] and Lathyrus [12, 13] . The subfamily-wide studies in general have relatively been rare [14, 15] , but there have been an increasing number of studies that have focused at tribal level, or on a number of tribes [16, 17, 18, 19, 20, 21, 22] . However, none of them had used the SDS-PAGE of seed protein criteria in relation to morphology. In the present study, such criteria are used with the aim of: refining the taxonomic relationships between some closely related taxa of the Papilionoideae; identifying the similarities and dissimilarities between them based on the SDS-PAGE of seed protein characters; determination of the interrelationships and affinities between them based on current systems of classification by using numerical methods.
Material and Methods
Seeds of 36 species belonging to 11 genera of the Papilionoideae were either collected from the Egyptian phytogeographic regions or provided by the Egyptian and German botanical gardens. The examined species, their source and taxonomic delimitation are given in Table 1 . For the morphological examination, seeds were grown in a protected open area in the Botanical Garden of the Faculty of Education, Ain Shams University. Taxonomic identification and nomenclature of Egyptian species follow Tȁeckholm (1974) [23] and Boulos (1999) [24] , whereas those of the cultivated species follows Ball (1968) [25] and Bailey & Bailey (1976) [26] . Identification was further confirmed by matching against dried specimens in the Herbaria of the Faculty of Science, Ain Shams University (CAIA) and that of the Faculty of Education, Ain Shams University. Morphological description of the species was made from living flowering plants and vouchers are kept at the Herbarium of Biological and Geological Sciences Department, Faculty of Education, Ain Shams University. For the electrophoretic analysis, seed protein was extracted by mixing 0.5 g of mature seeds with an equal weight of clean, sterile fine sand and powdered using a mortar and pestle and homogenized with 1 M Tris-HCl buffer, pH 8.8 in clean Eppendorf tube and left in refrigerator overnight. The extract was centrifuged at 3.000 rpm for 10 min. The supernatant (protein extract) was transferred to new tubes and immediately used for electrophoresis or kept in deep-freeze until use. For electrophoresis, 10 l of the extract were mixed with 5l of a treatment buffer. Electrophoresis was carried out by the modified discontinuous sodium dodecyl sulfate PAGE (DISC SDS-PAGE) method (Laemmli, 1970) [27] using 12% (w/v) acrylamide separating gel (0.375 M TRIS-HC1 buffer, pH 8.8) and 4% (w/v) acrylamide stacking gel (0.125 M TRIS-HC1, pH 6.8). The electrode buffer was TRIS-glycine (2.25 g TRIS and 10.8 g glycine per 750 ml buffer solution, pH 8.3) with 0.1% (w/v) SDS. Gels were then stained overnight in 0.1% (w/v) Coomassie Brilliant Blue-R250 solution containing 40% (v/v) methanol and 10% (v/v) trichloracetic acid; destained in the same solution but without adding the dye. Gels were photographed, scanned and analyzed using Gel Doc 2000 BioRad system (Bio-Rad Laboratories, Hercules Co. USA). Total bands in the produced electrophorogram were scored and their biochemical masses (Mr) in kilo-Dalton (kDa) were calculated using standard protein marker. For the numerical analyses, the data editor program NTedit 2.2; that is included in the program pakage of NTSYS-pc 2.2 (Rohlf, 2005) [28] ; was used to prepare two sets of data matrices (proteins and morphology). Each of the studied species was considered as operational taxonomic unit (OTU) and numbered as indicated in Table (1) . Multistate characters were transformed to two-state characters in coding (Sneath & Sokal, 1973) [29] . A cluster analysis for the seed protein data set in combination with that of morphological data was performed by using the program NTSYS-pc 2.2 (Rohlf, 2005) [28] ; as follows: The raw data matrix was standardized with STAND module; dissimilarity matrix was generated by SIMINT module based on Jaccard similarity distance (J). Clustering was performed using unweighted pair group method, arithmetic average (UPGMA) and represented in phenogram. In order to test reliability of results, the correlation coefficient (r) value that measures the distortion between the produced phenogram and the relevant similarity matrix (Rohlf & Sokal, 1981) [30] was estimated by using the program NTSYS-pc 2.2 (Rohlf, 2005) [28] as follows: The cophenetic (ultramatric) value matrix of the phenogram was computed using COPH module and compared to the related distance matrix using MXCOMP module.
Result and Discussion
The photograph of the produced SDS-PAGE of seed protein profiles of the studied species is shown in Figure (1 [32, 33] . However, those of [34] needs a further study based on adequate number of samples. [35] reported the taxonomic similarities between Anthyllis with the related genera Dorycnium and Lotus for the first time; on the positive interaction with the associated root nodule bacteria which give a further support for the present conclusion. [31] reported that, Hippocrepis was more similar to Lotus among taxa of the tribe Loteae in spite of their sharing two different types of pollen ornamentation. [36, 37] [36, 37] . [38, 39] indicated the close relationships between Astragalus, Trifolium and Vicia based on phylogenetic analysis. In the present study, species of the three genera were clustered in different groups' a 3 , B and c 3 [38, 39] . [40, 41] classified Melilotus into two subgenera; one includes M. albus and the other subgenus included two sections that comprise all the other investigated species. [42] explained the deviation of M. albus based on the taxonomic similarity between species of the genera Melilotus and Medicago that have always been questioned. [43] constructed the phylogenetic relationships of both genera based on morphological characters and pointed out that, all species were strongly related to each other except for M. albus which was evolved early and that, its taxonomic position towards both genera was unclear. In the present study, Melilotus and Medicago were grouped in the same major cluster C. 
